Abstract Dietary inhibitors of fats and carbohydrates degrading digestive enzymes can reduce obesity and type 2 diabetes. In this study, we investigated and compared polyphenol content, DPPH radical scavenging activity, and inhibitory activity on digestive enzymes, including α-glucosidase, α-amylase and lipase in flesh, peel, core and seed from mini apple (Malu domestica cv. 'Alps Otome'). Polyphenol content was significantly higher in peel and seed extracts than in flesh and core extracts. As comparing with flesh, peel polyphenols exhibited stronger DPPH radical scavenging activity, and α-amylase and lipase inhibitory activity. Oligomeric polyphenols (Fra.II) were the main polyphenols in seed extracts, which exhibited significantly strong DPPH radical scavenging activity and inhibitory activity on digestive enzymes. However, monomeric polyphenols (Fra.I) were the main polyphenols in core extracts, which exhibited weak inhibitory activity on digestive enzymes than the other parts. Moreover, Fra.III of seed and peel extracts had the highest inhibitory activity on α-glucosidase, followed by Fra.II and Fra.I, respectively. It indicated that more highly polymerized polyphenols from peel and seed of mini apple showed more potent inhibitory activities on α-glucosidase. All of the observations suggested that mini apples possess useful properties. Particularly, it has potential applications for the treatment of diabetes and obesity.
Introduction
An imbalance between energy intake and expenditure may result in the abnormal growth of adipose tissue, thereby leading to obesity [1] . According to the World Health Organization (WHO), limiting energy intake from total fats and sugars could suppress overweight and obesity as well as their related diseases, engaging in regular physical activity, and increasing consumption of fruits, vegetables, legumes, whole grains, and nuts. Dietary intervention seems to be an effective option for treatment of obesity and type 2 diabetes. Inhibition of dietary fat and sugar absorption from the intestine seems to be an effective way to prevent obesity and type 2 diabetes. α-Glucosidase is a membrane-bound enzyme located in the epithelium of the small intestine, and it catalyzes the cleavage of glycosidic bonds and releases of glucose from disaccharides and oligosaccharides [2] . Pancreatic α-amylase is an endoglucosidase that is delivered into the intestinal lumen as a constituent of pancreatic juices and catalyzes the hydrolysis of starch to maltose and maltotriose [2] . Pancreatic lipase is a key enzyme for fat digestion, blocking fat decomposition and absorption by its inhibition is an effective approach for preventing obesity. Some researchers have reported that many kinds of plants had potential α-glucosidase, α-amylase, and lipase inhibitory activities [3, 4, 5, 6, 7] .
Apple is one of the most popular fruits, and contains many types of polyphenols consisting of procyanidin, epicatechin, catechin, p-coumaroyl quinic acid, chlorogenic acid, rutin [8] . Apple polyphenols possess some bioactive activities, such as antioxidant activity and anti-allergic effect [9] , anti-cancer effect [10] , and anti-aging effect [11] . Mini apple (Malu domestica cv. 'Alps Otome') is one of the Japanese apple cultivars and tastes sweet in flavor. However, due to the diminutive size, mini apple is not widely cultivated. In the present study, we investigated antioxidant activity, and α-glucosidase, α-amylase and lipase inhibitory activity of polyphenols in flesh, peel, core and seed of mini apple.
Materials and Methods

Reagents
All the reagents and chemicals were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), unless otherwise stated. Diaion HP-20 columns and Sephadex LH-20 columns for chromatography were obtained from the Mitsubishi Chemical Corporation (Tokyo, Japan) and GE Healthcare Bio-Sciences AB (Uppsala, Sweden), respectively.
Samples
Mini apple was at their commercial ripening stage and obtained from supermarket (Obihiro, Japan). The weight of a fresh mini apple was 23.1±1.3 g. Food Standards Australia New Zealand (FSANZ) [12] reported the weight of a fresh Fuji apple ranged from 145 g to 180 g. Moreover, the weight of flesh, peel, core and seed for a fresh mini apple was 17.5 ± 3 g, 2.7 ±0.4 g, 2.5 ± 0.5 g, and 0.25 ± 0.1 g, respectively.
Extract Preparation and Fractionation
The fresh mini apple was manually separated into flesh, peel, core and seed. The flesh, peel and core were cut into pieces, and homogenized using a Teflon homogenizer, respectively. The seed was crushed with mortar. The crushed flesh, peel, core and seed were added with 20 mL of 80% ethanol and treated with ultrasound for 30 min, respectively. The mixture was centrifuged at 1,006 × g for 10 min to obtain the supernatant. The same extraction process was repeated twice more. The residues were subjected to another three rounds times of extraction with 70% acetone-water, and the supernatant was obtained. Then, the supernatant was mixed, concentrated by rotary evaporation in a vacuum at 35°C, and purified by chromatography through a Diaion HP-20 column. The columns were washed with distilled water and then eluted with methanol. The methanol solution was concentrated by rotary evaporation in a vacuum at 35°C and dissolved in 2 mL of methanol for the experiment. Part of the concentrate was dissolved in ethanol and fractionated by Sephadex LH-20 column chromatography. The column was successively eluted with ethanol, methanol, and 60% acetone to collect fraction I (Fra.I), fraction II (Fra.II), and fraction III (Fra.III), respectively.
Quantification of Polyphenols
Polyphenols were quantified using the Folin-Ciocalteu method [13] . The methanol fraction (after HP-20 column; 100 µL) was treated with 300 µL of distilled water, 400 µL of Folin-Ciocalteu reagent, and 400 µL of a 10% Na 2 CO 3 solution. The mixture was prepared in triplicate, incubated at 30 °C for 30 min, and centrifuged at 1,006 ×g for 10 min. The absorbance of the mixed supernatant was measured at 760 nm. The polyphenol content is expressed in milligrams of catechin equivalents per gram of fresh materials.
Estimation of 2,2-diphenyl-1-picrylhydrazyl (DPPH) Radical Scavenging Activity
DPPH radical scavenging activity was evaluated by the method described by Brand-Williams et al. [14] with some modifications. A 50-µL aliquot of the methanol fraction (after HP-20 column) was mixed with 100 µL of ethanol, and the mixture was supplemented with 150 µL of 0.5 mM DPPH solution in ethanol. The absorbance of the mixture was measured using a microplate reader at 517 nm. The DPPH radical scavenging activity was expressed in micromoles of trolox equivalents per gram of fresh materials.
α-Glucosidase and α-Amylase Inhibitory Activity
α-Glucosidase and α-amylase inhibitory activity were analyzed following the methods of Matsumoto et al. [15] with modifications. In total, 0.8 mL of enzyme reaction solution (50 μL of 0.4% sucrose for α-glucosidase inhibitory activity and 0.5% starch for α-amylase inhibitory activity, 625 μL of 0.1 mol/L sodium phosphate buffer (pH 6.8), and 125 μL of 1% NaCl) was pre-incubated at 37°C for 30 min. The methanol fraction (after HP-20 column) was concentrated by rotary evaporation in a vacuum at 35°C and dissolved in distilled water. Distilled water fraction was added to 0.1 U/mL yeast α-glucosidase (EC3.2.1.20; Oriental Yeast Co., Ltd., Tokyo, Japan) solution and porcine pancreatic α-amylase (EC3.2.1.1; Sigma-aldrich Inc. Co., LLC, Steinheim, Germany) solution at 37°C for 10 min. After pre-incubation, 200 μL of the mixture (polyphenol extract and α-glucosidase, α-amylase) was added to the enzyme reaction solution and incubated at 37°C for 30 min. The reaction was terminated by adding 125 mL of 2 M NaOH and 1% dinitrosalicylic acid in boiling water for 10 min. After incubation, the mixture was analyzed at 540 nm at 25°C. Enzyme inhibitory reactions for all polyphenol extract concentrations were replicated three times. The enzyme inhibitory activity is expressed as the percent inhibition. The concentration of inhibitors required for the inhibition of 50% of the enzyme activity under the assay conditions was defined as the IC 50 value.
The inhibitory kinetics of α-glucosidase by the polyphenol extract were determined by the Lineweaver-Burk equation. Sucrose was used as the substrate in the concentration range of 3.3-20.0 mM. The enzyme activity was measured at 0 and 0.2 µg/mL polyphenols.
Lipase Inhibitory Activity
The assay for determining pancreatic lipase activity in vitro was carried out with a slightly modified version of the protocol described in Han et al. [16] . Briefly, 30 μL of 3 mg/mL porcine pancreatic lipase (Sigma-aldrich Inc. Co., LLC, Steinheim, Germany) solution and 0.45 mL of various concentrations of sample solution were pre-incubated for 10 min at 37°C. After pre-incubation, a substrate solution containing glycerol triolein (80 mg), phosphatidylcholine (10 mg) and cholic acid (5 mg) in 9 mL of 0.1 M N-(tris (hydroxymethyl) methyl)-2-aminoethanesulfonic acid buffer (pH 7.0) was added and incubated for 30 min at 37°C. Afterward, 2.5 mL of 1 M copper reagent and 5mL chloroform were added to the reaction mixture, which was then centrifuged at 1,006 ×g for 10 min. The upper, aqueous phase was removed, whereas sodium diethyldithiocarbamate was added to the lower, free fatty acid-containing chloroform phase. The absorbance was measured at 440 nm and lipid concentrations were calculated using linoleic acid as a standard equivalent. Lipase inhibitory activity (%) was calculated from the following formula:
where FFA sample and FFA control are the quantities of free lipids in the sample and the control, respectively. The pancreatic lipase inhibitory activity was expressed with IC 50 value.
Statistical Analysis
Values are presented as the means ± standard deviations. Statistical significance was evaluated by analysis of variance (ANOVA) and least significant difference (LSD) tests (SAS Enterprise Guide 5.1 system, Cary, NC, USA). Differences were considered significant at p < 0.05.
Results and Discussion
Polyphenol Content
Polyphenol contents in flesh, peel, core and seed extracts of mini apple is presented in Table 1 . The highest polyphenol content (6.5 ± 0.2 mg/g) was in peel extracts, and the lowest polyphenol content (1.3 ± 0.1 mg/g) was in flesh extracts (p < 0.05). This agree with the research reporting concentration of polyphenols in the peel of apple. Polyphenol content was much higher than in the flesh [17] . We also found peel of European pears and Japanese pears that peel had higher polyphenol content than those of flesh [18] . Moreover, Leontowicz et al. [17] reported that polyphenol content was 1.07 ± 0.1 mg/g in apple peel and 0.62 ± 0.1 mg/g in apple flesh. As comparing with this research, mini apple peel and flesh then exhibited higher polyphenol content. 
DPPH Radical Scavenging Activity, α-Glucosidase, α-Amylase, and Lipase Inhibitory Activity
Antioxidants could react with the stable free radical DPPH (deep violet color) and convert it to 1,1-diphenyl-2-picryl hydrazine, resulting in dis-coloration. Mini apple peel and seed extracts had significantly higher DPPH radical scavenging activity, followed with core and flesh extracts (p < 0.05) ( Table 1) . The results agreement with peel extracts had higher total soluble phenolic content and antioxidant capacity than flesh extracts [19] . We found a positive correlation between polyphenol content and DPPH radical scavenging activity, and its correlation coefficient (r 2 ) is 0.99. Many studies have demonstrated that polyphenols from fruits possessed strong antioxidant activity [20, 21] .
We next analyzed the inhibitory activities of the polyphenol extracts against α-glucosidase, α-amylase and lipase. Polyphenol extracts from different parts of mini apple showed inhibitory activity on α-glucosidase ( Table 2 ). The IC 50 value of seed polyphenol extracts was significantly lower than those of flesh, peel and core. It indicated that seed polyphenols exhibited the strongest α-glucosidase inhibitory activity. No significant difference was found between flesh and peel polyphenol extracts on α-glucosidase. Core polyphenol extracts had the lowest α-glucosidase inhibitory activity among all different parts. Moreover, we performed an enzyme kinetic study of α-glucosidase inhibitory activity in Figure 1 . It showed a Lineweaver-Burk plot of the α-glucosidase inhibitory activity of seed polyphenol extracts at 0 and 0.2 μg/mL, with different concentrations of sucrose (3.3-20.0 mM). Polyphenols from seed showed non-competitive inhibition on α-glucosidase. The maximum velocity (V max ) was 0.7 mmol/min and the Michaelis-Menten constant (K m ) was 79.80 mM for sucrose. Polyphenols from flesh, peel and core also showed non-competitive inhibition on α-glucosidase. The maximum velocities (V max ) of flesh, peel and core were 1.8, 1.7 and 0.2 mmol/min, respectively and the Michaelis-Menten constant (K m ) was 91.0, 133.9 and 36.1 mM for sucrose, respectively. Polyphenols from different parts of mini apple showed inhibitory effects on α-amylase (Table 2) . Sun et al. [22] reported that thinned young apple had α-amylase inhibitory activity with IC 50 value was 177 μg/mL. In our study, seed polyphenol extracts exhibited extremely strong α-amylase inhibitory activity (IC 50 value of 1.1 μg/mL), comparing with the other different parts. Peel polyphenol extracts exhibited greater inhibitory activity than flesh and core against α-amylase. Apple peel extracts showed higher α-glucosidase inhibitory activity along with lower α-amylase inhibitory activity, comparing with flesh extracts [19] . However, in our research, there was no significant difference between flesh and peel polyphenol extracts on α-glucosidase, and peel polyphenol extracts had stronger inhibitory activity on α-amylase comparing with flesh. For flesh, peel and core polyphenols, IC 50 values were lower on α-glucosidase inhibitory activity than on α-amylase inhibitory activity. It indicated that the inhibitory activity on α-glucosidase was stronger than on α-amylase. In addition, seed polyphenols exhibited strong inhibitory activity both on α-amylase and α-glucosidase. We considered that polyphenol composition may affected the strength of inhibitory activities on different digestive enzymes. Chlorogenic acid, procyanidin B 2 , epicatechin were found in flesh, peel and core of apple [23] . However, the polyphenol composition of seed almost has not reported. Pancreatic lipase is the most important enzyme responsible for digestion of dietary fat, so its inhibition can lead to beneficial effects on overweight and obesity. Polyphenols from different parts of mini apple showed the inhibitory activity on lipase, and the IC 50 values ranged from 3.8 to 8.9 μg/mL. Polyphenols from seed exhibited stronger lipase inhibitory activity, followed by peel, flesh and core. Some studies also demonstrated that lipase activity was effectively inhibited by phenolic-rich extracts of fruits including apple [2, 24] .
Polyphenol Fractions
We performed Sephadex LH-20 column chromatography to obtain three polyphenol fractions, i.e., Fra.I, Fra.II, and Fra.III, respectively from different parts extracts of mini apple. According to Saito et al. [25] , Fra.I contains monomeric polyphenols, Fra.II contains oligomeric polyphenols, and Fra.III contains polymeric polyphenols. Oligomeric and polymeric polyphenols are considered as proanthocyanidins. Proanthocyanidins belong to flavonoids and oligomers or polymers of flavan-3-ols. For flesh and peel, the percentage of monomeric and oligomeric polyphenols was 40-47%, respectively, and the percentage of Fra.III was less than 17%. The main polyphenols was monomeric polyphenols (67.7%) in core, in contrast, oligomeric polyphenols (60.8%) was the main polyphenols in seed ( Figure 2 ). Moreover, we investigated α-glucosidase inhibitory activity of Fra.I, Fra.II, and Fra.III in seed and peel (Table 3 ). The highest inhibitory activity was found in Fra.III of seed and peel, followed by Fra.II and Fra.I. It indicated that more highly polymerized polyphenols exhibited more potent inhibitory activities on α-glucosidase. Consistent with this, we also observed that oligomeric and polymeric polyphenols exhibited stronger α-glucosidase inhibitory activity than monomeric polyphenols in pears and scarlet runner beans [18, 21] . These results may be explain why seed polyphenols had the strongest inhibitory activity than the other parts on digestive enzymes. That is the percentage of oligomeric polyphenols were more in seed, which exhibited the stronger inhibitory activity on α-glucosidase, α-amylase and lipase. However, the percentage of monomeric polyphenols was more in core, which exhibited lower inhibitory activity on these digestive enzymes. Oligomeric polyphenols seem also to be more potent inhibitory activities than monomeric polyphenol on α-amylase and lipase. Lu et al. [26] reported that oligomeric proanthocyanidins from okra inhibited α-amylase and α-glucosidase inhibitory activity. 
Conclusions
Mini apple contained abundant polyphenols and antioxidant activity, especially in peel and seed. Moreover, polyphenol extracts in all different parts of mini apple inhibited the activities of digestive enzymes, including α-glucosidase, α-amylase and lipase. These observations could provide the important information for the use of mini apple, which may serve as a source for development of nutraceuticals with antioxidant, anti-diabetes and anti-obesity.
